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DQGE\KHDWLQJWKHSODVPDUHJLRQRIWKHGLVFKDUJHWKXVSURYLGLQJDKLJKHUFRQGXFWLYLW\DWWKHODVHUSRVLWLRQZLWKLQ
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*: ,I WKH SXOVH SHDNSRZHU H[FHHGV WKLV YDOXH WKH VHOIIRFXVLQJRYHUFRPHV WKH QDWXUDO EHDPGLYHUJHQFHRI D
*DXVVLDQEHDPFDXVLQJWKHEHDPWRIRFXVZLWKLQDILQLWHGLVWDQFH+RZHYHUGXULQJWKHFROODSVHWKHEHDPVL]HGRHV
QRWEHFRPHLQGHWHUPLQDWHO\VPDOOEHFDXVHLIWKHEHDPGLDPHWHUJURZVVXIILFLHQWO\VPDOOWKHLQWHQVLWLHVJURZKLJK
HQRXJKLRQL]HDLUE\QRQOLQHDUDEVRUSWLRQSURFHVVHV>@WKXVFUHDWLQJDSODVPD$VDOUHDG\SRLQWHGRXWWKHSODVPD
FDXVHV D GLYHUJHQFH RI WKH ODVHU EHDP 7KLV OHDGV LQ FRPELQDWLRQ ZLWK WKH RQJRLQJ VHOIIRFXVLQJ WR D G\QDPLF
HTXLOLEULXPEHWZHHQVHOIIRFXVLQJDQGSODVPDFDXVHGGHIRFXVLQJ7KHPD[LPXPDFKLHYDEOHLQWHQVLW\LQVLGHDVLQJOH
ILODPHQWLVOLPLWHGLQWHQVLW\FODPSLQJ>@FDXVLQJDVLQJOHODVHUEHDPWRVSOLWXSLQWRVHYHUDOSDUDOOHOSURSDJDWLQJ
ILODPHQWV LI WKH SXOVH SHDN SRZHU LV KLJK HQRXJK 7KH OHQJWK RI WKH SODVPD ILODPHQW LV SXOVH HQHUJ\ GHSHQGHQW
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EHFDXVHWKHRQJRLQJLRQL]DWLRQSURFHVVGHSOHWHVWKHSXOVHHQHUJ\WKXVJUDGXDOO\UHGXFLQJLWVSHDNSRZHU,IWKHSHDN
SRZHU GURSV EHORZ WKH FULWLFDO SRZHU IRU VHOIIRFXVLQJ WKH EHDP ZLOO EHFRPH GLYHUJHQW DJDLQ DQG WKH SODVPD
JHQHUDWLRQVWRSV
$ SODVPD ILODPHQW RU DOVR FDOOHG ODVHU ILODPHQW JHQHUDWHG E\ IV ODVHU SXOVHV DW QP KDV D GLDPHWHU RI
DSSUR[LPDWHO\P>@%HFDXVHWKHGLDPHWHUVWD\VDSSUR[LPDWHO\FRQVWDQWDORQJWKHOHQJWKRIWKHILODPHQWWKH
ILODPHQW JHQHUDWLRQ FDQ SURYLGH D FRQGXFWLYH FKDQQHOZLWK DQ RXWVWDQGLQJ OHQJWK WRZLGWK UDWLR 7KLVPDNHV WKH
ILODPHQW KLJKO\ VXLWDEOH IRU JXLGLQJ RI VWURQJ HOHFWULF GLVFKDUJHV ZLWK KLJK SUHFLVLRQ DFURVV ORQJ GLVWDQFHV ,Q
SULQFLSOHWKLVFDQHQDEOHKLJKO\HIILFLHQWNH\KROHSURFHVVLQJ1HYHUWKHOHVVHYHQVXFKDV\VWHPZRXOGSURYLGHRQO\
VPDOOLPSURYHPHQWVLQFRPSDULVRQZLWKWKHDERYHPHQWLRQHGWHFKQRORJLHVLIDSRUWDOV\VWHPZRXOGEHXWLOL]HGIRU
WKHSRVLWLRQLQJRIWKHODVHUEHDPRUWKHHOHFWURGH
+RZHYHUDSRUWDOV\VWHPLVQRWUHDOO\QHFHVVDU\,QVWHDGWKHXOWUDVKRUWSXOVHGODVHUEHDPFDQEHGHIOHFWHGE\
XVLQJDJDOYDQRPHWULFVFDQQHU)RUIRFXVLQJDQGVXLWDEOHILODPHQWJHQHUDWLRQDPRGLILHGLPDJLQJV\VWHPFDQEHXVHG
WKDWSURYLGHVDIL[HGFRQYHUJHQFHSRLQWIRUWKHODVHUEHDPLQGHSHQGHQWO\RQLWVDFWXDOGHIOHFWLRQRQWKHZRUNSLHFH¶V
VLGHDV VKRZQ LQ XOWUDVKRUWSXOVH ODVHUDLGHGIDVW UDQGRPDFFHVVDUFSURFHVVLQJ >@7KXVDQHOHFWURGHFDQEH
SODFHGQHDU WR WKH FRQYHUJHQFHSRLQW HQVXULQJ WKHFKDQQHOLQJRI HOHFWULFDO GLVFKDUJHV LV VHW RII DQGGLUHFWHGE\ D
QHDUE\ODVHUJHQHUDWHGSODVPDILODPHQW)XUWKHUPRUHWKHODVHUFDQEHSUHIRFXVHGLQVXFKDZD\WKDWWKHILODPHQWLV
JHQHUDWHGDWWKHFRQYHUJHQFHSRLQW7KHVFKHPDWLFRIVXFKDV\VWHPLVVKRZQLQ)LJ
)LJ6FKHPDWLFDOVHWXSIRUIDVWGHIOHFWLRQRISODVPDILODPHQWVJHQHUDWHGE\XOWUDVKRUWODVHUSXOVHV
:KLOH)LJ VKRZVDSRVVLEOH VROXWLRQRIKRZ WRDGDSW WKH VXJJHVWHGJXLGHGGLVFKDUJHPHFKDQLVPIRU UHPRWH
SURFHVVLQJ LW LVXQFOHDUZKDWNLQGRIFRQGLWLRQVUHJDUGLQJ WKHV\QFKURQL]DWLRQRI WKHHOHFWULFDOGLVFKDUJHZLWK WKH
ODVHUSXOVHRUWKHVKDSHRIWKHHOHFWURGHPXVWEHIXOILOOHG,QWKHIROORZLQJZHZLOOSUHVHQWUHVXOWVRQWKHRFFXUUHQFH
IUHTXHQF\RIVXFFHVVIXOO\SODVPDILODPHQWJXLGHGGLVFKDUJHVRID7HVODFRLOGHSHQGLQJRQWKHGLVWDQFHDQGGLUHFWLRQ
RIWKHHOHFWURGHWRWKHILODPHQWDVZHOODVGHSHQGLQJRQWKHWLPHGHOD\EHWZHHQWKHILODPHQWJHQHUDWLQJODVHUSXOVH
DQGWKH7HVODFRLOGLVFKDUJH
([SHULPHQWDOVHWXS
2.1. Basic system description 
7KHODVHUXVHGLQWKHH[SHULPHQWVZDVD7L6DODVHUZLWKD):+0SXOVHGXUDWLRQRIIVDQGDZDYHOHQJWKRI
QP FDSDEOH WR GHOLYHU SXOVH HQHUJLHV RI XS WR P- DW D UHSHWLWLRQ UDWH RI N+] 7KHVH FRQGLWLRQV DOORZ
JHQHUDWLQJ SODVPD ILODPHQWV LQ DLU +RZHYHU EHFDXVH WKH SXOVH SHDN SRZHU OLHV RQO\ VOLJKWO\ DERYH WKH FULWLFDO
SRZHUIRUVHOIIRFXVLQJLQDLULWZDVQHFHVVDU\WRSUHIRFXVWKHODVHULQRUGHUWRJHQHUDWHSODVPDILODPHQWVZLWKLQWKH
GLPHQVLRQVRIRXUODERUDWRU\)LJVKRZVWKHVFKHPDWLFVHWXSDVZHOODVDSKRWRJUDSKRIWKHJHQHUDWHGILODPHQW
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)LJD6FKHPDWLFDOVHWXSIRUODVHUILODPHQWJHQHUDWLRQESKRWRJUDSKRIWKHODVHUILODPHQWH[SRVXUHWLPHV
7KHIRFDOOHQJWKRIWKHSUHIRFXVLQJOHQVZDVPZKLFKUHVXOWHGLQDILODPHQWOHQJWKRIDERXWP8VLQJOHQVHV
ZLWK VPDOOHU IRFDO OHQJWKV UHGXFHV WKH SODVPD ILODPHQW OHQJWK EHFDXVH WKH VWURQJHU IRFXVLQJ SURYLGHV KLJKHU
LQWHQVLW\DQGFRQVHTXHQWO\DILODPHQWZLWKDKLJKHUSODVPDGHQVLW\7KLVFDXVHVDVWURQJHUDEVRUSWLRQRI WKH ODVHU
EHDPVRWKDWWKHSXOVHHQHUJ\LVGHSOHWHGZLWKLQDVKRUWHUILODPHQWOHQJWK
6LQFHWKHLQWHQWLRQRIWKHH[SHULPHQWZDVWRVWXG\ILODPHQWJXLGHGHOHFWULFDOGLVFKDUJHVZLWKOHQJWKVRIDW OHDVW
IHZFHQWLPHWHUVDQGDLUKDVDQDYHUDJHGLHOHFWULF VWUHQJWKRIî9P>@ WKHHOHFWULFEUHDNGRZQUHTXLUHVD
FRQVLGHUDEOHYROWDJH$UHODWLYHO\LQH[SHQVLYHZD\WRJHQHUDWHYROWDJHVRIXSWRIHZN9LVWRXVHD7HVODFRLO
>@,QLWVVLPSOHVWLPSOHPHQWDWLRQWKH7HVODFRLOFRQVLVWVRIDSULPDU\FRLOZLWKDVPDOOQXPEHURIZLQGLQJVWR
ZKLFKDKLJKIUHTXHQF\$&FXUUHQW LVDSSOLHG7KLV LQGXFHVWKURXJKD ORRVHPDJQHWLFFRXSOLQJHJQRLURQFRUH
ELJJHUVHSDUDWLRQRIFRLOVVHHIRUGHWDLOV>@LQWKHVHFRQGDU\FRLOZKLFKKDVDODUJHQXPEHURIZLQGLQJVDQGWKH
VDPHUHVRQDQFHIUHTXHQF\DVWKHSULPDU\FRLODFXUUHQW'XHWRWKHUHVRQDQFHEHWZHHQSULPDU\FLUFXLWSULPDU\FRLO
DQG VHFRQGDU\ FLUFXLW VHFRQGDU\ FRLO KLJK YROWDJHV DUH DFKLHYHG 'HSHQGLQJ RQ WKH GHVLJQ WKH 7HVOD FRLO FDQ
VXSSRUWDFRQWLQXRXVGLVFKDUJH+RZHYHUWKH7HVODFRLOLQRXUFDVHZDVEXLOWWRRSHUDWHLQSXOVHGPRGH,QVXFKFDVH
WKHYROWDJHLQFUHDVHVZLWKLQWKHVHFRQGDU\FLUFXLWXQWLOWKHHOHFWULFILHOGRQWKHHOHFWURGHWKDWLVJLYHQE\WKHVXUIDFH
FXUYDWXUH RI WKH HOHFWURGH DQG WKH YROWDJH GLIIHUHQFH EHWZHHQ WKH HOHFWURGH DQG WKH VXUURXQGLQJ DUHD HJ DLU
UHDFKHVDYDOXHDWZKLFKWKHDLUH[SHULHQFHVDQHOHFWULFDOEUHDNGRZQUHVXOWLQJLQDVRFDOOHGVWUHDPHUGLVFKDUJH$V
WKHHQHUJ\VWRUHGLQWKHVHFRQGFRLOLVHIIHFWLYHO\HPLWWHGZLWKWKHGLVFKDUJHWKHYROWDJHEXLOGXSKDVWRVWDUWVDQHZ
IRUWKHQH[WSXOVH
7KH7HVODFRLOGLGQRWRIIHUWKHSRVVLELOLW\WREHDFWLYHO\V\QFKURQL]HGWRDQH[WHUQDOFORFNHJDVXEKDUPRQLFRI
WKHSXOVHUHSHWLWLRQUDWHRIWKHODVHU7KXVDOOH[SHULPHQWVQHHGHGWREHFRQGXFWHGZLWKWKHIUHHUXQQLQJ7HVODFRLO
WKDWKDGDPD[LPXPGLVFKDUJHIUHTXHQF\RIDERXW+]7KHURRWPHDQVTXDUHWLPLQJMLWWHURIWKHGLVFKDUJHVZDVRQ
WKHRUGHURIPV3OHDVHQRWHWKDWWKLVLVWLPHVORQJHUWKHWHPSRUDOSXOVHWRSXOVHGLVWDQFH7KLVPHDQVWKDWVRPH
PHWKRGPXVW EH IRXQG WR GLVFULPLQDWH EHWZHHQ IUHH QRW ODVHU WULJJHUHG XQJXLGHGGLVFKDUJHV DQGGLVFKDUJHV WKDW
ZHUHWULJJHUHGE\WKHILODPHQWJHQHUDWLQJODVHUSXOVH$VZLOOEHODWHUVKRZQLQ)LJWKHJXLGHGGLVFKDUJHFDQEH
GLVWLQJXLVKHG IURP WKH XQJXLGHG GLVFKDUJH E\ DQ LUUHJXODUO\ VKDSHG GLVFKDUJH LQ WKH XQJXLGHG FDVH ZKHUHDV WKH
JXLGHGGLVFKDUJHIROORZVLQVLGHWKHILODPHQWDQGKDVWKXVDOLQHOLNHVKDSHDQGDXQLIRUPGLUHFWLRQ7KHUHIRUHWKH
JXLGHGXQJXLGHGGLVFKDUJHGLVFULPLQDWRUVFKHPHVXWLOL]HGLQWKHVHH[SHULPHQWVDUHEDVHGHLWKHURQRSWLFDORUVSDWLR
RSWLFDOHYDOXDWLRQPHWKRGV
%HFDXVHWKH7HVODFRLOGLGQRWKDYHDGDSWLYHFDSDFLW\FRPSHQVDWLRQWKHPD[LPXPDFKLHYDEOHYROWDJHDQGWKXV
WKHPD[LPXPVWUHDPHUOHQJWKZDVGHSHQGLQJRQWKHVL]HDQGVKDSHRIWKHHOHFWURGH1RHTXLSPHQWZDVDYDLODEOHWR
PHDVXUH WKH DFWXDO GLVFKDUJH YROWDJH 8VLQJ WXQJVWHQHOHFWURGHV W\SLFDOO\ XWLOL]HG LQ WXQJVWHQ LQHUW JDV ZHOGLQJ
7,*ZHOGLQJ>@ZLWKDGLDPHWHURIPPDQGRQHSRLQWHGHQGZLWKDQRSHQLQJDQJOHRIDERXWWKHW\SLFDO
GLVFKDUJH OHQJWK VWDUWLQJ DW WKH SRLQWHG HQGZDV DOPRVW FP JLYLQJ DQ XSSHU OLPLW IRU WKH GLVFKDUJH YROWDJH
DURXQGN9>@

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2.2. Setup for measuring the influence of spatial alignment of electrode and filament 
7RPHDVXUHWKHLQIOXHQFHRIWKHVSDWLDODUUDQJHPHQWRIWKHHOHFWURGHDQGILODPHQWRQWKHSHUIRUPDQFHRIJXLGHG
GLVFKDUJHVDKLJKVSHHGFDPHUDZLWKDIUDPHUDWHRI+]DQGDQH[SRVXUHWLPHRIVZDVXVHGWRGLVFULPLQDWH
EHWZHHQODVHUWULJJHUHGDQGIUHHGLVFKDUJHV,QRUGHUWRDOORZWKH7HVODFRLOGLVFKDUJHVWREHJURXQGHGDJURXQGHG
SHUIRUDWHGPHWDOSODWHZDVXVHG7KHKROHVRIWKHSHUIRUDWHGPHWDOSODWHZKHUHDOLJQHGZLWKUHJDUGWRWKHODVHUEHDP
VXFK WKDW WKH ODVHUEHDPFRXOGSDVV WKHPHWDO IUHHO\7KLVZD\QRDEODWHGPDWHULDO IURPWKHJURXQGHGSODWHZDV
SUHVHQWGXULQJWKHH[SHULPHQWVWKDWFRXOGLQDGYHUWHQWO\LQFUHDVHWKHFRQGXFWLYLW\LQWKHDLUJDSEHWZHHQWKHHOHFWURGH
DQGWKHSHUIRUDWHGPHWDOSODWH7KHGLVWDQFHEHWZHHQWKHSHUIRUDWHGPHWDOSODWHDQGWKHHOHFWURGHZDVURXJKO\FP
3KRWRJUDSKVRIWKHVHWXSWDNHQE\WKHKLJKVSHHGFDPHUDDQGDFRQYHQWLRQDOFDPHUDDUHSUHVHQWHGLQ)LJVKRZLQJ
ILODPHQWWULJJHUHGDVZHOODVXQWULJJHUHGGLVFKDUJHV
)LJD/RQJWHUPSKRWRJUDSKLFH[SRVXUHVKRZLQJWKHODVHUJHQHUDWHGILODPHQWDQGXQJXLGHGIUHHGLVFKDUJHVRIWKH7HVODFRLOEKLJK
VSHHGFDPHUDVHTXHQWLDOH[SRVXUHVRIWKHODVHUILODPHQWDQGDVLQJOHXQJXLGHGGLVFKDUJHFORQJWHUPSKRWRJUDSKLFH[SRVXUHVKRZLQJDILODPHQW
WULJJHUHGGLVFKDUJHDQGDVXEVHTXHQWIUHHGLVFKDUJHGKLJKVSHHGFDPHUDVHTXHQWLDOH[SRVXUHVRIDODVHUILODPHQWJXLGHGGLVFKDUJHRIWKH7HVOD
FRLO7KHORQJWHUPH[SRVXUHLQDDQGFZDVFKRVHQLQRUGHUWRYLVXDOL]HWKHODVHUJHQHUDWHGILODPHQW+RZHYHUWKH7HVODFRLOJHQHUDWHGD
VHFRQGGLVFKDUJHGXULQJWKHSKRWRJUDSKLFH[SRVXUHWLPH
,QWKHEDFNJURXQGRIWKHKLJKVSHHGFDPHUDLPDJHVHTXHQFHVLQ)LJEDQGGEULJKWVSRWVFDQEHUHFRJQL]HG
7KHVHVSRWVZKHUHJHQHUDWHGE\DEHDPOHWRIWKHIVODVHUEHDPWKDWZDVGLUHFWHGRQDZKLWHVKHHWRISDSHUZKHUHLW
JHQHUDWHG IOXRUHVFHQFH OLJKW FDXVHG E\PXOWLSKRWRQ DEVRUSWLRQ RI WKH SDSHU 7KLVZD\ WKH WHPSRUDO VHTXHQFH RI
HYHQWVVXFKDVILODPHQWDQGGLVFKDUJHEXLOGXSFDQEHREVHUYHGPRUHSUHFLVHO\,WLVUHPDUNDEOHWKDWWKHXQWULJJHUHG
GLVFKDUJHLQ)LJEKDVTXLWHDVORZSURSDJDWLRQVWDUWLQJDWWKHVIUDPHDQGKLWWLQJWKHPHWDOSODWHDW WKH
VIUDPHWDNLQJDURXQGVWRSURSDJDWHDGLVWDQFHRIFP,QFRQWUDVW WKHILODPHQWJXLGHGGLVFKDUJHLQ
)LJF EULGJHV WKH VDPH GLVWDQFHZLWKLQ  V$GGLWLRQDOO\ )LJ  E DQG G JLYH DQ XSSHU OLPLW RQ WKH
DOORZDEOH WLPH GHOD\V EHWZHHQ ILODPHQW JHQHUDWLRQ DQG WKH PRPHQW RI WKH GLVFKDUJH 7KLV ZLOO EH GLVFXVVHG LQ
JUHDWHUGHWDLOLQ6HFWLRQ
7KHUHFRUGLQJGXUDWLRQZDVVIRUHDFKLQYHVWLJDWHGVSDWLDODUUDQJHPHQW$VVXPLQJWKHSODVPDFKDQQHORIWKH
ILODPHQWLVLQVWDQWDQHRXVO\JHQHUDWHGDQGWKHLQVWDQWRILWVJHQHUDWLRQFRLQFLGHVSHUIHFWO\ZLWKWKHGLVFKDUJHLQVWDQW
IURPWKH7HVODFRLOVLPSOHFRQVLGHUDWLRQVVKRZWKDWXQGHUWKHJLYHQUHSHWLWLRQDQGGLVFKDUJHUDWHVWKHUHVKRXOGEH
SRVVLEOHRFFDVLRQVSUHVHQWZLWKLQ WKHUHFRUGLQJ WLPH LQWHUYDORIPLQ WR WULJJHU7HVODFRLOGLVFKDUJHVZLWK WKH
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ODVHU ILODPHQW GLVUHJDUGLQJ WKH WLPLQJ MLWWHU +RZHYHU LQLWLDO H[SHULPHQWV KDYH VKRZQ WKDW HYHQ XQGHU EHVW
FLUFXPVWDQFHVRQO\GLVFKDUJHVFRUUHVSRQGLQJWR+]FDQEHWULJJHUHGRQDYHUDJHZLWKLQWKHUHFRUGLQJWLPH
7KH EHVW FLUFXPVWDQFHV DUHPHWZKHQ WKH WLS RI WKH HOHFWURGH SRLQWV SDUDOOHO WR WKH ILODPHQW DQG LV SRVLWLRQHG DV
FORVHO\DVSRVVLEOH WR WKHILODPHQW+RZHYHUGXH WR WKHFRQLFDOVKDSHRIHOHFWURGH WLSD WUDGHRIIKDG WREHIRXQG
EHWZHHQ SDUDOOHOLVP DQG DGMDFHQF\ RI WKH HOHFWURGH WR WKH ILODPHQW 7KLV DUUDQJHPHQW KLJKOLJKWHG LQ RUDQJH LV
VKRZQ DORQJZLWK WKHRWKHU LQYHVWLJDWHG VHWWLQJV VFKHPDWLFDOO\ LQ)LJ 7KH FRUUHVSRQGLQJ UHVXOWV DUH VKRZQ LQ
6HFWLRQ
)LJ,QYHVWLJDWHGVSDWLDORULHQWDWLRQVRIWKHHOHFWURGHZLWKUHVSHFWWRWKHILODPHQW
2.3. Measuring the temporal correlation of filament generation and Tesla coil discharge 
7KHKLJKVSHHGFDPHUDVHTXHQFHVVKRZQLQ)LJJLYHRQO\DQXSSHUWLPHOLPLWRQWKHQHFHVVDU\V\QFKURQL]DWLRQ
EHWZHHQILODPHQWJHQHUDWLRQDQGIUHHUXQQLQJ7HVODFRLOGLVFKDUJH7KLVLVGXHWRWKHOLPLWHGEDQGZLGWKRIWKHKLJK
VSHHGFDPHUDHLWKHUDKLJKSL[HOFRXQWLVQHFHVVDU\WRGHWHFWDJXLGHGGLVFKDUJHEXWWKHQWKHIUDPHUDWHLVUHODWLYHO\
ORZ 2U D KLJK IUDPH UDWH LV FKRVHQ EXW WKHQ WKH GLVFULPLQDWLRQ EHWZHHQ JXLGHG DQG XQJXLGHG GLVFKDUJHV LV
FRPSURPLVHG GXH WR WRR IHZ SL[HOV 7KHUHIRUH D GLIIHUHQW VROXWLRQ IRU GLVFULPLQDWLQJ JXLGHG IURP XQJXLGHG
GLVFKDUJHVKDGWREHIRXQG
7KLVVROXWLRQFRQVLVWHGRIXVLQJDGLHOHFWULFLQWKHIRUPRIDFHUDPLFWLOHZLWKDVPDOOKROH7KHODVHUILODPHQWZDV
VHWWRJRWKURXJKWKLVKROH,IWKH7HVODFRLOGLVFKDUJHZRXOGEHJXLGHGE\WKHILODPHQWWKDQLWVKRXOGWDNHWKHVDPH
SDWK DQG WKHUHIRUH SDVV DOVR WKURXJK WKH KROH +RZHYHU LI LW LV MXVW DQ XQJXLGHG GLVFKDUJH WKHQ WKH GLVFKDUJH
VWUHDPHUZRXOGKLWRQO\VRPHSODFHRIWKHFHUDPLFWLOH7KLVEHKDYLRUFDQEHLPSURYHGHYHQIXUWKHUEHFDXVHWKHIUHH
UXQQLQJGLVFKDUJHVKDYHDSUHIHUUHGGLUHFWLRQFRPSDUH6HFWLRQVDQG,I WKHHOHFWURGHDQGWKHFHUDPLFWLOH
ZLWKWKHKROHDUHSODFHGWRHDFKRWKHULQWKHULJKWZD\XQWULJJHUHGGLVFKDUJHVWKDWPLJKWSDVVWKURXJKWKHKROHDUH
YLUWXDOO\QRQH[LVWHQW%HKLQGWKHRSDTXHFHUDPLFWLOHDIDVWSKRWRPXOWLSOLHUWXEH307ZDVXVHGWRREVHUYHWKH
UHJLRQRIWKHSODVPDILODPHQWWKHFHUDPLFWLOHDFWHGDVDQRSWLFDOVKLHOGWRSUHYHQWOLJKWHPLVVLRQVIURPXQWULJJHUHG
GLVFKDUJHV WR UHDFK WKH 307 %HKLQG WKDW WKH SHUIRUDWHG PHWDO SODWH ZDV XVHG WR JURXQG DOO ILODPHQW JXLGHG
GLVFKDUJHV6LPLODUWR6HFWLRQWKHKROHVRIWKHPHWDOSODWHVZHUHSODFHGVRWKDWWKHODVHUFRXOGSDVVXQREVWUXFWHG
7KHVFKHPDWLFVHWXSDVZHOODVDSKRWRJUDSKRIXQJXLGHGGLVFKDUJHZLWKLQWKHSUHVHQFHRIWKHFHUDPLFWLOHLVVKRZQ
LQ)LJ
7KH SKRWRFXUUHQW RI WKH 307 ZDV UHFRUGHG ZLWK D GLJLWDO RVFLOORVFRSH ZLWK D VDPSOLQJ UDWH RI *+] SHU
FKDQQHO6LQFHDJURXQGHG7HVODFRLOGLVFKDUJHLVDFFRPSDQLHGE\DGUDVWLFDOO\VWURQJHUOLJKWHPLVVLRQWKDQWKHODVHU
JHQHUDWHGSODVPDILODPHQWLWLVHDV\WRGLVFULPLQDWHDVXFFHVVIXOO\ILODPHQWWULJJHUHGGLVFKDUJHIURPSXUHILODPHQW
UDGLDWLRQMXVWE\VLPSOHWKUHVKROGLQJHJGLUHFWO\LQWKHGLJLWDORVFLOORVFRSH7KHRVFLOORVFRSHZDVV\QFKURQL]HGE\
DQH[WHUQDOUHIHUHQFHLQSXWWRWKHSXOVHUHSHWLWLRQUDWHRIWKHODVHU7KHWLPHGHOD\EHWZHHQWKHODVHUSXOVHUHIHUHQFH
FORFNDQG WKHDUULYDO WLPHRI WKHSXOVHV LQ WKHPHDVXUHPHQWUHJLRQZDVGHWHUPLQHGZLWK WKHVDPH307DQGVDPH
HOHFWULFDO FRQQHFWLRQ VHWWLQJV DV WKH ODWHU GLVFKDUJH H[SHULPHQWV 7KLV ZD\ WKH PHDVXUHPHQW DFFXUDF\ ZDV RQO\
OLPLWHG E\ WKH VDPSOLQJ IUHTXHQF\ RI WKH RVFLOORVFRSH RI *+] WKLV VDPSOLQJ UDWH FRUUHVSRQGV WR D SXOVH
SURSDJDWLRQ OHQJWK RI aFP ZKLOH WKH PHDVXUHPHQW DUHD ZDV VPDOOHU WKDQ FP 7KH UHFRUGLQJ LQ WKH
RVFLOORVFRSHZDVVHWXSLQVXFKDZD\WKDWDVVRRQDVDQLQFUHDVHGSKRWRFXUUHQWIURP307KDVEHHQGHWHFWHGWKH
ZDYHIRUPV LQ WKH FKDQQHOV IRU WKH 307 DQG ODVHU SXOVH HPLVVLRQ ZHUH ERWK DXWRPDWLFDOO\ VDYHG DQG WKH
PHDVXUHPHQWUHVWDUWHG7KLVZD\ZHZHUHDEOHWRHYDOXDWHDURXQGFRUUHODWHGHYHQWV7KHUHVXOWVDUHSUHVHQWHG
LQ6HFWLRQ
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)LJD6FKHPDWLFDOOD\RXWRIWKHVHWXSIRUWKHPHDVXUHPHQWRIWKHWHPSRUDOV\QFKURQL]DWLRQEHWZHHQODVHUJHQHUDWHGILODPHQWDQGILODPHQW
WULJJHUHGGLVFKDUJHESKRWRJUDSKVKRZLQJDQXQWULJJHUHGGLVFKDUJHEHLQJVWRSE\WKHFHUDPLFWLOH7KHODVHUILODPHQWSDVVHVWKURXJKWKH
FLUFXODUDSHUWXUHLQVLGHWKHGLHOHFWULFWLOH
([SHULPHQWDOUHVXOWVDQGGLVFXVVLRQV
7KLVFKDSWHUSUHVHQWVWKHUHVXOWVRIH[SHULPHQWVGHVFULEHGLQFKDSWHUDQGGLVFXVVHVWKHP
3.1. Effects of spatial alignment of electrode and filament on successfully filament triggered discharges 

)LJ'HSHQGHQF\RIWKHILODPHQWWULJJHUHGGLVFKDUJHVRQWKHVSDWLDODOLJQPHQWEHWZHHQWKHHOHFWURGHDQGWKHODVHUILODPHQW
7KH DYHUDJH RFFXUUHQFH IUHTXHQFLHV IRU ILODPHQW WULJJHUHG GLVFKDUJHV ZLWKLQ D UHFRUGLQJ LQWHUYDO RI  PLQ
FRPSDUH 6HFWLRQ  DUH VKRZQ LQ )LJ  2EYLRXVO\ WKH GLVFKDUJH WULJJHULQJ PHFKDQLVP UHOLHV KHDYLO\ RQ D
SURSHUO\DOLJQHGHOHFWURGH+RZHYHUWKLVPLJKWEHDUHVXOWRIWKHFRQLFDOWLSRIWKHHOHFWURGHWKDWSUHGHWHUPLQHVWKH
GLVFKDUJHGLUHFWLRQDVZHOODVGLVFKDUJHORFDWLRQRQWKHHOHFWURGHRIDIUHHO\UXQQLQJ7HVODFRLO$OVRWKHWLPLQJMLWWHU
RI WKH7HVOD FRLO GLVFKDUJH FRXOG SUHYHQW VXFFHVVIXO WULJJHULQJ HYHQ IRU D SHUIHFW HOHFWURGH SRVLWLRQ8QGHU VXFK
FLUFXPVWDQFHVLWLVTXLWHDVWRXQGLQJWKDWWKHUHH[LVWVDQRQ]HURSUREDELOLW\WRWULJJHUDGLVFKDUJHIURPFPDZD\RU
WRPDNHWKHGLVFKDUJHEHQGXSWRLQRUGHU WRIROORZWKHILODPHQW9HU\OLNHO\VSKHULFDORU WRURLGDOHOHFWURGHV
ZRXOGSURYLGHPXFKEHWWHUGLUHFWLRQDOSURSHUWLHVDVWKHLUHOHFWULFDOILHOGVDUHPXFKPRUHLVRWURSLFWKDQWKDWRIWKH
WLSOLNHHOHFWURGHXVHGKHUH+RZHYHUGXHWKHWHFKQLFDOOLPLWDWLRQVRIWKHXWLOL]HG7HVODFRLOQRDGDSWLYHHOHFWURGH
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LPSHGDQFHPDWFKLQJDQ\ODUJHUREMHFWVXVHGDVDQHOHFWURGHFDXVHGWKHGLVFKDUJHOHQJWKWRGHFUHDVHVLJQLILFDQWO\
WKXVYLUWXDOO\SUHYHQWLQJDQ\PHDVXUHPHQWV
3.2. Effect of temporal correlation of filament generation and Tesla coil discharge 
$OUHDG\ WKH KLJK VSHHG FDPHUD LPDJHV VKRZQ LQ )LJG JLYH DQ XSSHU OLPLW RQ WKH QHFHVVDU\ WHPSRUDO
FRUUHODWLRQEHWZHHQ WKH ILODPHQW JHQHUDWLRQ DQG WKH7HVOD FRLO GLVFKDUJH7KH IOXRUHVFHQFH VSRWV ZKHQ DQDO\]HG
IURPWKHILUVWLPDJHRIWKHVHULHVVKRZWKDWEHWZHHQWKHIUDPHVRIDQGVDSODVPDILODPHQWZDVJHQHUDWHG
E\ D ODVHU SXOVH EHFDXVH LQ WKH IUDPH RI V WKHUH LV QR IOXRUHVFHQFHYLVLEOHZKLOH LQ WKH P IUDPH WKH
IOXRUHVFHQFHVSRW LVYHU\EULJKW%XW WKHILODPHQW WULJJHUHGGLVFKDUJH LVDOVRYLVLEOH LQ WKHVIUDPH7KXV WKH
ILODPHQW WULJJHUHG GLVFKDUJHPXVW KDYH WDNHQ SODFHZLWKLQ WKH V ORQJ WLPHZLQGRZ EHWZHHQ WKH WZR LPDJH
IUDPHV ,QFRQWUDVW)LJEVKRZV WKHVDPH WLPHGHOD\RIVEHWZHHQ WKHGDUN IOXRUHVFHQFHVSRWDWV
IUDPHDQGWKHEULJKWIOXRUHVFHQFHVSRWDWVIUDPHZKLFKVKRZVDVWDUWLQJEXWXQWULJJHUHGGLVFKDUJH2EYLRXVO\
LIWKHWLPHGHOD\IRUDVXFFHVVIXOILODPHQWWULJJHUHGGLVFKDUJHZRXOGEHVWKHQWKHGLVFKDUJHZRXOGKDYHEHHQ
WULJJHUHGLQERWKFDVHV&RQVHTXHQWO\WKHWLPHGHOD\IRUVXFFHVVIXOV\QFKURQL]DWLRQPXVWEHVKRUWHUWKDQV
)LJ3UREDELOLW\GLVWULEXWLRQRIWKHWLPHGHOD\EHWZHHQWKHJHQHUDWLRQRIWKHILODPHQWDQGWKHLQGXFHGGLVFKDUJH
7RUHVROYHWKLVLVVXHDPRUHVHQVLWLYHH[SHULPHQWKDVEHHQFRQGXFWHGDVGHVFULEHGLQ6HFWLRQ7KHPHDVXUHG
WLPHGHOD\VEHWZHHQWKHODVHUSXOVHDQGWKHILODPHQWWULJJHUHGGLVFKDUJHDUHVKRZQLQDKLVWRJUDPLQ)LJ$VFDQ
EHVHHQWKHWULJJHUHGGLVFKDUJHVVWDUWDOUHDG\QVDIWHUWKHDUULYDORIWKHODVHUSXOVHDQGFDQEHWULJJHUHGHYHQDIWHU
QV+RZHYHUWKHPDMRULW\RIWULJJHUHGGLVFKDUJHVRFFXUVDURXQGQVDIWHUWKHODVHUSXOVHZKLOHWKHDYHUDJHWLPH
GHOD\LVDWQVZLWKDVWDQGDUGGHYLDWLRQRIQV7KHVHGHOD\WLPHVDUHPXFKVKRUWHUWKDQIRXQGLQ>@ZKHUH
WKHVORQJGHOD\VDUHSUREDEO\FDXVHGGXHWRDYROWDJHEDVHGGHWHFWLRQVFKHPHRIWKHILODPHQWJXLGHGGLVFKDUJHV
7KH GHSHQGHQF\ RI WKH WULJJHULQJ SUREDELOLW\ RQ WKH WLPH GHOD\ FDQ EH YHU\ OLNHO\ DWWULEXWHG WR WKH WHPSRUDO
G\QDPLFV RI WKH SODVPD GHQVLW\ LQVLGH WKH ODVHU JHQHUDWHG ILODPHQW $W WKH EHJLQQLQJ WKH SODVPD GHQVLW\ RI WKH
ILODPHQWDQGWKXVLWVFRQGXFWLYLW\ LV WRRORZWRDFWDVDQHIIHFWLYHJURXQGLQJFKDQQHOIRU WKH7HVODFRLOGLVFKDUJH
7KHQWKHSODVPDGHQVLW\LQFUHDVHVVWURQJO\ZLWKLQWKHILUVWIHZQDQRVHFRQGV7KLVLVLQWHUHVWLQJEHFDXVHWKHSXOVH
GXUDWLRQ LV RQO\ IV $VVXPLQJ WKDW WKH ODVHU SXOVH JHQHUDWHV LQVWDQWDQHRXVO\ WKHPD[LPXP UHDFKDEOH SODVPD
GHQVLW\WKHIRUPDWLRQRIDSODVPDFKDQQHOEHWZHHQWKHHOHFWURGHDQGWKHJURXQGHGSHUIRUDWHGPHWDOSODWHZRXOGWDNH
RQO\OHVVWKDQQVZLWKWKHVSHHGRIOLJKW7KHUHIRUHDGLIIHUHQWPHFKDQLVPPXVWH[LVWWRH[SODLQWKHFRQVLGHUDEOH
GHOD\EHWZHHQWKHSDVVLQJRIWKHIVSXOVHDQGDFKLHYLQJWKHPD[LPXPSODVPDGHQVLW\LQVLGHWKHILODPHQW
7KH.HOG\VKSDUDPHWHUIRUDLUDQGWKHXWLOL]HGIVODVHUOLHVDSSUR[LPDWHO\DWLQGLFDWLQJDQLRQL]DWLRQSURFHVV
GRPLQDWHG E\PXOWLSKRWRQ LRQL]DWLRQ >@ 3RVVLEO\ GXULQJ LWV SDVVDJH WKH ODVHU SXOVH FUHDWHV D ORZ GHQVLW\ EXW
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KLJKO\ HQHUJHWLF SODVPD HJ E\ DFFHOHUDWLQJ WKH IUHH HOHFWURQV WR KLJK YHORFLWLHV E\ LQYHUVH %UHPVVWUDKOXQJ RU
VLPLODU HIIHFWV'XH WR LWV ORZGHQVLW\ WKH FRQGXFWLYLW\ RI WKH ILODPHQW LV LQLWLDOO\ DOVR ORZ+RZHYHU DV VRRQ DV
VXEVHTXHQW UHOD[DWLRQVRI WKHKLJKO\ HQHUJHWLFSODVPD VWDUW WR LRQL]H WKH UHPDLQLQJQHXWUDO JDV HJE\ DYDODQFKH
LRQL]DWLRQ WKH SODVPD GHQVLW\ ZLWKLQ WKH ILODPHQW PD\ LQFUHDVH WKXV SURYLGLQJ D WLPHGHOD\HG FRQGXFWLYLW\
PD[LPXP:KLOHWKLVFRXOGEHDSRVVLEOHH[SODQDWLRQIRUWKHREVHUYHGWLPHGHOD\HGGLVFKDUJHWULJJHULQJWKHUHFRXOG
EHDOVRRWKHUPHFKDQLVPVLQYROYHGOHDGLQJWRWKHVDPHWHPSRUDOEHKDYLRU,QRUGHUWRFODULI\WKLVIXUWKHUWKHSURFHVV
PXVWEHDQDO\]HGWKHRUHWLFDOO\DQGH[SHULPHQWDOO\LQPRUHGHWDLO
&RQFOXVLRQDQGRXWORRN
:HKDYHVKRZQWKDWIVODVHUJHQHUDWHGILODPHQWVDUHDEOHWRWULJJHUDQGJXLGHHOHFWULFDOGLVFKDUJHVJHQHUDWHGE\D
7HVOD FRLO7KHPD[LPXPVSDWLDO ORFNLQ LQWHUYDO IRU WULJJHULQJ WKHGLVFKDUJHV OLHV LQ D UDQJHRIFPDURXQG WKH
ILODPHQWDQGDWDPD[LPXPDQJOHRIRIWKHHOHFWURGHWLSWRWKHILODPHQW$VWKHVHUHVXOWVZHUHDFKLHYHGE\XVLQJ
DWLSOLNHHOHFWURGHWKDWH[KLELWVDWLWVVXUIDFHVWURQJO\LQKRPRJHQHRXVHOHFWULFILHOGWKHVHUHVXOWVPLJKWEHLPSURYHG
LI HOHFWURGHV DUH XWLOL]HG WKDW SURYLGH D PRUH LVRWURSLF ILHOG 7KXV VSKHULFDO DQG WRURLGDO HOHFWURGHV KDYH WR EH
LQYHVWLJDWHG LQ IXWXUH H[SHULPHQWV LQ FRPELQDWLRQ ZLWK D VXLWDEOH YROWDJH VRXUFH WKDW FDQ DFFHSW HOHFWURGHV
LQGHSHQGHQWO\RIWKHLUFDSDFLWLHV
7KHWHPSRUDOORFNLQLQWHUYDOKDVDUDQJHRIWRQVDIWHUWKHODVHUSXOVHDUULYDOLQVLGHWKHLQWHUDFWLRQUHJLRQ
ZLWKDSHDNDURXQGQV7KHQRQXQLIRUPWHPSRUDOGLVWULEXWLRQRIWKHWLPHGHOD\VVXJJHVWVWKDWDWHPSRUDOHYROXWLRQ
RI WKH SODVPD ILODPHQW RU WKH YROWDJH EXLOWXS LQ WKH7HVOD FRLOPXVW EH SUHVHQW$OVR LW LV WR EH H[SHFWHG WKDW D
WULJJHUHG GLVFKDUJHZLOO LQFUHDVH WKH SODVPD GHQVLW\ LQVLGH WKH ILODPHQW 7KXV WKH ILODPHQWPD\ VWD\ ORQJHU LQ D
KLJKO\FRQGXFWLYHVWDWH%RWKFDVHVKDYHGLUHFWLQIOXHQFHRQWKHVSHHGDWZKLFKWKHILODPHQWJXLGHGDUFGLVFKDUJHFDQ
EHGHIOHFWHGRQ WKHZRUNSLHFH:KLOH WKHIHZQDQRVHFRQGVRIDOORZDEOH WHPSRUDO WLPHGHOD\PHDVXUHGKHUHPD\
VHHPFKDOOHQJLQJIRUDWHFKQLFDOLPSOHPHQWDWLRQWKH\ZRXOGDFWXDOO\DOORZWKHXVDJHRISXOVHUHSHWLWLRQUDWHVXSWR
N+]IRUEHDPGHIOHFWLRQWKXVSURYLGLQJKLJKHUUHVROXWLRQDWIDVWHUVFDQQLQJVSHHG+RZHYHULQYHVWLJDWLRQVRQ
WKHWHPSRUDOHYROXWLRQRIWKHFRQGXFWLYLW\RIWKHODVHUILODPHQWVDQGHOHFWULFDOGLVFKDUJHVPXVWEHPDGHLQJUHDWHU
GHWDLOHJE\SXPSSUREHH[SHULPHQWDOWHFKQLTXHVWRDFKLHYHDQXQGHUVWDQGLQJWKDWDOORZVWKHWHFKQLFDOUHDOL]DWLRQ
RIWKHGHVFULEHGXOWUDVKRUWSXOVHODVHUDLGHGIDVWUDQGRPDFFHVVDUFSURFHVVLQJ
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